Covalent immobilization of oxylipin biosynthetic enzymes on nanoporous rice husk silica for production of cis(+)-12-oxophytodienoic acid.
Soybean lipoxygenase, recombinant rice allene oxide synthase-1 and rice allene oxide cyclase were covalently immobilized on nanoporous rice husk silica using two types of linkers: glutardialdehyde and polyethylene glycol. The immobilization efficiency achieved using glutardialdehyde-linked rice husk silica was higher than that achieved using polyethylene glycol-linked rice husk silica (50-92% and 25-50%, respectively). Immobilization on both types of matrices significantly decreased the specific activities of the immobilized enzymes. Solid-phase reaction yields of the enzymes were determined relative to the yields observed for the solution-phase reactions. Yields of the solid-phase reactions catalyzed by immobilized soybean lipoxygenase, rice allene oxide synthase-1, and rice allene oxide cyclase ranged from 50% to 230% and were dependent on both the enzymes and linkers used. Production of cis(+)-12-oxophytodienoic acid from α-linolenic acid by consecutive reactions using all three enzymes in a co-immobilization system resulted in 83.6% and 65.1% yields on glutardialdehyde-linked and epichlorohydrin-polyethylene glycol-linked rice husk silica, respectively. Our results suggest that immobilization of biosynthetic enzymes of the octadecanoid pathway on rice husk silica may be an efficient method for the in vitro production of oxylipins. Additionally, enzyme immobilizations on rice husk silica matrices may be more broadly applicable for producing physiologically important compounds in other biosynthetic pathways.